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Summary
Background: Slovenia is one of the few countries where IS6110 RFLP is applied for
genotyping M. tuberculosis at a nationwide level, which has been in effect since 2000.
Based on IS6110 RFLP clustering, typical risk factors and routes of M. tuberculosis
transmission were identiﬁed, such as alcohol abuse, homelessness, and bars. However,
IS6110 RFLP typing suffers from important limitations including a long wait for results,
which reduces the potential beneﬁt of molecular-guided tuberculosis (TB) control. PCR-
based 24-locus MIRU-VNTR typing combined with spoligotyping has recently emerged as a
potential alternative for faster, large-scale genotyping of M. tuberculosis.
Methods: We compared these genotyping methods for analyzing 196 Slovenian
Mycobacterium tuberculosis isolates representing 97.5% of all culture-positive cases
included in the Slovenian TB Registry in 2008.
Results: IS6110 RFLP and 24-locus MIRU-VNTR typing combined with spoligotyping
identiﬁed 157 and 155 distinct proﬁles, 135 and 125 unique isolates, and 61 and 71 clustered
isolates grouped into 22 and 29 clusters, respectively. The discriminatory indexes were
very close, at 0.9963 and 0.9965, respectively. The majority of the molecular clusters
deﬁned by either of the two methods were identical, including in the few cases for which
epidemiological links were available. The differences frequently consisted of single-band
changes in IS6110-RFLP proﬁles subdividing a MIRU-VNTR/spoligotype-based cluster.
Conclusions: Our one-year nationwide study showed that the results of 24-locus MIRU-
VNTR typing combined with spoligotyping reached a high level of concordance with those
obtained from IS6110 RFLP typing.
© 2011 Elsevier Ltd. All rights reserved.
Introduction
The worldwide threat of tuberculosis (TB) to human health
means there is an urgent need to develop new approaches
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to global epidemiological surveillance. The molecular
typing of Mycobacterium tuberculosis has greatly improved
knowledge of TB epidemiology and enabled molecular-
guided control of the disease. Genotyping indicates
possible epidemiological links between TB patients, permits
detection of suspected and unsuspected outbreaks and
laboratory cross-contamination, and aids follow-up on
relapse cases resulting from reactivation of latent disease
or exogenous re-infections.1,2
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Since 1993, the gold-standard technique for M. tu-
berculosis genotyping has been insertion sequence (IS)
6110 restriction fragment length polymorphism (IS6110
RFLP) typing.3,4 This method is based on differences in
IS6110 copy numbers and genomic insertion sites per
strain. IS6110 RFLP has been proven useful for conducting
population-based studies of TB transmission but also has
several disadvantages, including that it is labor-intensive,
requires a large amount of biomass for purifying DNA
and a long wait for results, and is prone to complex
ﬁngerprint interpretation problems. Moreover, strains with
fewer than six IS6110 insertion sites have a limited
degree of polymorphism. Alternative PCR-based methods
were therefore developed.5,6 Spoligotyping is often used,
especially for discriminating strains with fewer than ﬁve
IS6110 copies and recognizing some important strain
lineages such as Beijing and Haarlem.7,8 Another widely used
method is based on PCR interrogation of multiple genomic
regions containing variable numbers of tandem repeats
(VNTRs) of different classes of genetic elements, also called
mycobacterial interspersed repetitive units (MIRUs). MIRU-
VNTR typing has been internationally standardized under a
24-locus format.6 This method is technically ﬂexible and
considerably faster than IS6110 RFLP typing, and can be
applied to DNA extracts from early mycobacterial cultures.
The results are expressed as numerical codes, which are very
easy to compare and exchange. The standard 24-locus-based
method has been calibrated for an appropriate balance
between discriminatory power for distinguishing strains of
different strain lineages and clonal stability for following a
given strain in transmission chains or in chronic infections.6
Slovenia is one of the few countries of the world
where IS6110 RFLP is applied as the gold standard for
genotyping M. tuberculosis at a nationwide level, and this
has been true since 2000.9 Based on this method, typical
risk factors and routes of M. tuberculosis transmission
were identiﬁed by Zolnir-Dovc et al. Alcohol abuse and
homelessness were signiﬁcantly associated with clustering of
patient strains and were therefore recognized as the most
important socio-demographic and epidemiological factors.
Analysis of the largest patient strain-clusters also identiﬁed
bars as important places of TB transmission. Patients
older than 65 had lower strain-clustering rates, a feature
typically consistent with the prominent role of endogenous
reactivation of TB in older people. This study also showed
the great importance of factors favoring the successful
control of TB, such as implementation of effective contact
tracing procedures to prevent further transmission following
rapid detection of TB patients, and effective therapy.
Therefore, we strongly believe that the molecular-guided
recognition of bars as the most important risk factor for
transmission of tubercle bacilli was key in leading the
decrease in the TB notiﬁcation rate observed in Slovenia in
subsequent years. The incidence of TB in Slovenia dropped
from 19.1 in 2000 to 10.6 per 100,000 inhabitants in
2008.10,11
From 2003 on, spoligotyping was used as a secondary
method to complement systematic IS6110 RFLP in Slovenia.
However, the introduction of standard 24-locus MIRU-
VNTR typing in 2009 led us to potentially reconsider
our genotyping strategy; that is, the need for systematic
application of IS6110 RFLP. Studies on the discriminatory
power of MIRU-VNTR typing were conducted in various
countries all over the world.1,3,12–18 Population-based
studies in Germany12 and Belgium1 concluded that the
predictive value of 24-locus MIRU-VNTR typing combined
with spoligotyping was comparable to the gold-standard
IS6110 RFLP typing for detecting transmission in populations
and represents a powerful tool with diverse applications.
In a regional, large-scale, 3-year population-based study in
Belgium the strains were of highly diverse origins, reﬂecting
the fact that 76% of patients were foreign-born, coming
from 69 countries, the majority of which were in Africa.1
Another study that included a more homogeneous set of
strains from Hong Kong19 also found a high correlation
between these typing methods, but it also suggested that
the relative discriminatory power of IS6110 RFLP and MIRU-
VNTR typing may vary according to the composition of the
strain population.
In this study we therefore evaluated 24-locus MIRU-
VNTR typing combined with spoligotyping compared to
IS6110 RFLP on all M. tuberculosis isolates collected
throughout Slovenia in 2008. Our primary interest was
to determine the concordance of clustering between 24-
locus MIRU-VNTR typing combined with spoligotyping versus
IS6110 RFLP typing in a presumably relatively homogenous
M. tuberculosis strain population, reﬂecting a relatively
small inﬂux of foreign-born population. To the best of our
knowledge, this is the ﬁrst nationwide study comparing the
three genotyping methods.
Materials and methods
Strains
In 2008, there were 213 newly registered TB cases in
Slovenia and 201 (94.4%) of them were culture positive.11
Five isolates from 2008 were excluded from this study due
to typing difﬁculties using any of the three methods. Thus, a
total of 196 M. tuberculosis isolates were available for this
nationwide study, representing 97.5% of all culture-positive
isolates in Slovenia in 2008. These isolates were obtained
from 195 TB patients registered in 2008 at the Slovenian TB
Registry. The additional isolate corresponded to a second,
serial isolate obtained from one patient.
Genotyping methods
All strains were routinely subjected to IS6110 RFLP
analysis using the international standard technique.4,9,20
Spoligotyping was performed using a commercially available
kit (Isogen Bioscience BV, Maarssen, Netherlands) according
to the manufacturer’s instructions as previously described.21
Twenty-four-locus-based MIRU-VNTR typing was routinely
applied using a four-capillary-based ABI 3130 genetic
analyzer (Applied Biosystems, USA), calibrated with the
MIRU-VNTR Calibration Kit (GenoScreen, Lille, France). PCR
ampliﬁcation of 24 MIRU-VNTR loci was performed with
the MIRU-VNTR Genotyping Kit (GenoScreen, Lille, France)
as described in the manufacturer’s manual. Brieﬂy, PCRs
were performed using 96-well plates, each one including
10 samples, one positive (H37Rv) and one negative (water)
control subjected to eight triplex PCRs. For each triplex
PCR, two ml of isolated DNA were added to 8ml of
ready-to-use PCR reaction mixture. PCR fragment sizing
and assignment of the alleles of the 24 loci were done
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Table 1
Discriminatory power and cluster identiﬁcation of three different genotyping methods in Slovenia in 2008 (n = 196).
Genotyping method No. of
different
proﬁles
No. of isolates
with unique
proﬁles
No. of
clusters
No. of
isolates in
cluster
Strain-
clustering
rate (%)
No. of
isolates/
cluster
Discriminatory
index (HGDI)
IS6110 RFLP 157 135 (68.9%) 22 61 (31.1%) 19.9 2–6 0.9963
Spoligotyping 60 35 (17.9%) 25 161 (82.1%) 69.3 2–45 0.9085
24 locus MIRU-VNTR 150 120 (61.3%) 30 76 (38.7%) 23.5 2–6 0.9962
24 locus MIRU-VNTR
and spoligotyping
154 125 (63.8%) 29 71 (36.2%) 21.4 2–6 0.9965
15 locus MIRU-VNTR 147 116 (59.2%) 31 80 (40.8%) 25.0 2–6 0.9955
15 locus MIRU-VNTR
and spoligotyping
154 125 (63.8%) 29 71 (36.2%) 21.4 2–6 0.9965
using GeneMapper software ver. 4.0 (Applied Biosystems,
USA). The reproducibility and accuracy of sizing were
checked by analyzing the PCR fragments ampliﬁed from the
M. tuberculosis H37Rv reference isolate.
Puriﬁed chromosomal DNA4,22 from the national DNA
collection was used for IS6110 RFLP typing of each isolate.
The same DNA was diluted to a ﬁnal concentration of
10 ng/ml for spoligotyping and 24 loci MIRU-VNTR typing.
Genotyping data analysis
BioNumerics software version 5.1 (Applied Maths, St.
Marten-Latem, Belgium) was used to analyze the genotyping
data. For each genotyping method a cluster was deﬁned
as two or more patterns with identical DNA ﬁngerprints.
Band-position tolerance of 1.0% was accommodated for
analyzing IS6110 RFLP proﬁles. The strain-clustering rate
was calculated with the following equation: strain-clustering
rate = (nc – c)/n, where nc is the total number of strain-
clustered cases, c is the number of strain clusters, and n
is the total number of cases in the sample.1 To explore the
discriminatory power of all three genotyping methods, we
used the Hunter-Gaston discriminatory index (HGDI). The
HGDI was calculated as follows:
HGDI = 1 –
⎡
⎣ 1
N(N – 1)
s∑
j = 1
nj(nj – 1)
⎤
⎦ .
In this formula, N is the total number of strains that were
typed, s is the total number of different IS6110 RFLP, MIRU-
VNTRs, and/or spoligotype patterns, and nj is the number
of strains belonging to the jth pattern.23
Results
The resolution power of 24-locus MIRU-VNTR typing alone or
in combination with spoligotyping was compared to IS6110
RFLP typing by analyzing 196 isolates (Table 1) in the near
absence of epidemiological data (see Discussion).
IS6110 RFLP identiﬁed 157 different proﬁles, of which 135
(68.9%) were unique and 61 isolates were in 22 clusters,
giving a crude clustering rate of 31.1% and a strain-
clustering rate of 19.9% (Table 1). In all, 24-locus MIRU-
VNTR typing distinguished 150 different proﬁles, with 120
(61.3%) unique patterns and 76 (38.7%) clustered isolates
(Fig. 1), resulting in a strain-clustering rate of 23.5%. As
expected, the use of the 15-locus MIRU-VNTR discriminatory
subset6 resulted in only a slight reduction in the number
of proﬁles (147) and unique patterns (116), resulting in
80 clustered isolates and a clustering rate of 25%. In
contrast, spoligotyping alone distinguished 60 proﬁles, of
which 35 (17.9%) were unique and 161 (82.1%) in clusters,
yielding a strain-clustering rate of 69.3%. When used as
a secondary method, spoligotyping nevertheless subdivided
four clusters deﬁned by 24-locus MIRU-VNTR typing and thus
added ﬁve supplementary proﬁles to the latter method.
When combined with spoligotyping, the strain-clustering
rate of MIRU-VNTR typing was therefore slightly reduced
to 21.4% and the discriminatory power (HGDI) slightly
increased from 0.9962 to 0.9965 (Table 1). As would
be expected, this subdivision effect from spoligotyping
was (slightly) more frequent on 15-locus MIRU-VNTR-based
clusters, because the four isolates additionally clustered by
15-locus-based compared to 24-locus-based typing were all
deﬁned as unique by the addition of spoligotyping. Thus, the
combination of spoligotyping with the 15-locus MIRU-VNTR
discriminatory subset provided the same discriminatory
power as 24-locus-based MIRU-VNTR typing combined with
spoligotyping. Among all three typing methods, IS6110 RFLP
showed the highest number of different proﬁles, the highest
number of unique proﬁles, and the lowest clustering rate.
Analysis of the concordance between clustering obtained
by the three typing methods showed different types
of situations. The most frequent one included clusters
identically deﬁned by IS6110 RFLP and 24-locus MIRU-VNTR
typing combined with spoligotyping. This situation was
observed in 19 different clusters, thus corresponding to the
majority of the clusters. One of these clusters included four
isolates, whereas two other clusters included three isolates
and 16 clusters included two.
In addition, the three largest clusters jointly deﬁned
by identical 24-locus MIRU-VNTR types and spoligotypes
were only partially subdivided by IS6110-RFLP. The largest
of these groups included six isolates, where IS6110 RFLP
typing only subdivided one isolate from the other ﬁve by
a single missing band. Likewise, another group with four
isolates with identical spoligotype and 24-locus MIRU-VNTR
results showed a variant pattern with a single-band change
in one IS6110 RFLP result. The ﬁnal, third group included
two isolates with an identical IS6110 RFLP ﬁngerprint, and
three other isolates with three IS6110 RFLP patterns that
differed by one- or two-band changes when compared
among themselves or to the ﬁrst two isolates.
Of the 30 clusters deﬁned by 24-locus MIRU-VNTR typing,
there were eight that were fully subdivided by IS6110
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IS6110 RFLP
SLO-3132 /124/4605-08
SLO-3183 /177/5695-08
SLO-3076 /68/2670-08
SLO-3175 /171/6169-08
SLO-3182 /183/6684-08
SLO-3095 /87/3614-08
SLO-3176 /173/6014-08
SLO-3018 /13/666-08
SLO-3031 /25/1272-08
SLO-3097 /89/3765-08
SLO-3107 /98/3832-08
SLO-3060/ 53/2352-08
SLO-3217 /245/8043-08
SLO-3138 /131/4713-08
SLO-3147 /140/4966-08
SLO-3226 /254/8199-08
SLO-3035 /28/1582-08
SLO-3061 /54/2008-08
SLO-3187 /184/6445-08
SLO-3148 /141/5169-08
SLO-3162 /159/5324-08
SLO-3012 /5/372-08
SLO-3149 /142/5170-08
SLO-2943 /150/6321-07
SLO-3090 /82/2730-08
SLO-3170 /149/5022-08
SLO-3180 /176/5223-08
SLO-3022 /15/766-08
SLO-3064 /50/2588-08
SLO-3065 /59/2547-08
SLO-3071 /57/2753-08
SLO-3151 /144/5182-08
SLO-3204 /221/7378-08
SLO-3023 /16/778-08
SLO-3220 /248/7730-08
SLO-2990 /230/9000-07
SLO-3033 /29/1613-08
SLO-3125 /117/4666-08
SLO-3207 /224/7603-08
SLO-3025 /23/1044-08
SLO-3066 /60/2614-08
SLO-3062 /48/2375-08
SLO-3083 /75/2942-08
SLO-3116 /108/4284-08
SLO-3145 /138/4918-08
SLO-3155 /148/5167-08
SLO-3049 /46/2155-08
SLO-3063 /52/2417-08
SLO-3077 /69/2793-08
SLO-3099 /91/3950-08
SLO-3137 /130/4701-08
SLO-3154 /147/5329-08
SLO-3153 /146/5040-08
SLO-3194 /191/6651-08
SLO-3037 /33/541-08
SLO-3109 /103/3913-08
SLO-3141 /139/4949-08
SLO-3206 /223/7604-08
SLO-3195 /192/6096-08
SLO-3197 /194/6636-08
SLO-3017 /12/665-08
SLO-3131 /123/4436-08
SLO-3157 /153/5514-08
SLO-3010 /239/8968-07
SLO-3046 /35/1631-08
SLO-3130 /122/4645-08
SLO-3185 /181/6610-08
SLO-3039 /34/1954-08
SLO-3221 /249/8203-08
SLO-3104 /95/3946-08
SLO-3161 /157/5367-08
SLO-3042 /36/1731-08
SLo-3189 /186/6709-08
SLO-3191 /188/6836-08
SLO-3089 /81/2948-08
SLO-3174 /170/6073-08
Fig. 1. A standardized 24-locus MIRU-VNTR typing method in comparison with spoligotyping and the IS6110 RFLP method. In this comparison
there are only isolates found in 30 clusters obtained with the 24-locu MIRU-VNTR typing method (n = 76).
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Table 2
Allelic diversities of the 24 MIRU-VNTR loci among the 196 Slovenian M. tuberculosis
complex isolates. The 15-locus discriminatory subset was deﬁned by Supply et al. (2006).6
Locus Alias Allelic diversity Included in 15-locus discriminatory subset
4052 QUB26 0.81 X
2163b QUB11b 0.79 X
802 MIRU40 0.71 X
960 MIRU10 0.67 X
1955 Mtub21 0.64 X
2401 Mtub30 0.56 X
577 ETRC 0.53 X
4156 QUB4156 0.52 X
3690 Mtub39 0.48 X
1644 MIRU16 0.46 X
2165 ETRA 0.43 X
2531 MIRU23 0.39
2996 MIRU26 0.37 X
424 Mtub04 0.36 X
580 MIRU04 0.23 X
3192 MIRU31 0.23 X
3007 MIRU27 0.19
2347 Mtub29 0.18
3171 Mtub34 0.18
154 MIRU02 0.16
2461 ETRB 0.07
2059 MIRU20 0.04
4348 MIRU39 0.03
2687 MIRU24 0.01
RFLP. IS6110 RFLP patterns differed by one to three bands.
However, in four of these clusters, the isolates were also
distinguished by spoligotyping.
Conversely, there were two IS6110 RFLP (and spoligotype)
clusters grouping a total of 10 isolates, which were
subdivided by 24-locus MIRU-VNTR types. It is noteworthy
that in ﬁve cases there was only single locus change, and
in one case the differences consisted of more than a single
MIRU-VNTR locus change.
Discussion
In their work pioneering the genotyping of Slovenian
M. tuberculosis strains, Zolnir et al.9 identiﬁed typical
risk factors and routes of M. tuberculosis transmission
based on IS6110 RFLP ﬁngerprinting. IS6110 RFLP therefore
proved its usefulness for monitoring and controlling TB
transmission in Slovenia. However, this method is labor
intensive and requires a long wait for results, limiting the
potential beneﬁt of more rapid detection and thus more
effective prevention of TB transmission. This study therefore
explored the potential for faster, PCR-based 24-locus MIRU-
VNTR typing combined with spoligotyping to replace IS6110
RFLP for molecular-guided TB control in Slovenia. This
exploration was undertaken by comparing the discriminatory
power of the PCR-based methods versus that of the IS6110
RFLP reference, and analyzing the clustering concordance
between these genotyping methods. These analyses were
based on a collection representing 97.5% of all culture-
positive TB cases in Slovenia in 2008.
Both 24-locus MIRU-VNTR and IS6110 RFLP showed a high
discriminatory index (HGDI), with relatively close numbers
of unique proﬁles (120 vs. 135, respectively), clustered
isolates (76 vs. 61), and cluster sizes (two to six isolates in
both cases). As expected, the use of a 15-locus MIRU-VNTR
subset proposed for ﬁrst-line epidemiological screening6
resulted in only a slight reduction in discriminatory power
compared to the full set of 24 loci, as reﬂected by the
numbers of unique (116 vs. 120, respectively) and clustered
(80 vs. 76) proﬁles and similar cluster sizes (two to six
isolates in both cases). Moreover, the 15 loci included in this
subset were all ranked among the 16 loci with the highest
allelic diversities in this strain sample (Table 2). These
ﬁndings support the design of the 15-locus subset, which
includes the most variable loci across various M. tuberculosis
complex lineages.6
Of all the methods used, spoligotyping showed by far
the lowest discrimination power, as expected. However,
similar to German12 and Bulgarian15 studies, spoligotyping
contributed to the subdivision of a four clusters deﬁned
by 24-locus MIRU-VNTR typing, and added ﬁve additional
proﬁles. More remarkably, spoligotyping also subdivided the
four isolates additionally clustered by the use of the 15-locus
MIRU-VNTR subset proposed for ﬁrst-line epidemiological
screening6 compared to the use of the full set of set of 24
MIRU-VNTR loci. Thus, like in these two previous studies, a
combination of both 15- or 24-locus MIRU-VNTR typing and
spoligotyping resulted in optimal resolution power of PCR-
based methods, close to that of IS6110 RFLP.
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A closer look at the 30 MIRU-VNTR clusters shows that
more than half of the isolates are in 19 clusters in which
100% concordance is observed between all three genotyping
methods. Moreover, among the remaining MIRU-VNTR-based
clusters, the three largest ones grouping from four to six
isolates were only partially subdivided by IS6110 RFLP. In
two of these three cases, this subdivision concerned only
one isolate, which differed from the other ones by only
a single band change. The epidemiological signiﬁcance of
such single-band changes in multibanded proﬁles is often
questioned.24
Out of the 30 clusters deﬁned by 24-locus MIRU-VNTR
typing, only eight grouping two isolates in most cases
were fully subdivided by IS6110 RFLP. However, four of
them were also subdivided by spoligotyping, thus improving
the concordance of the combined PCR-based methods with
IS6110 RFLP for deﬁning unique isolates in these cases.
Some of these few modiﬁcations seen by both spoligotyping
and IS6110 RFLP in MIRU-VNTR-based clusters might not be
independent because the direct repeat locus targeted by
spoligotyping is a hotspot for insertion of IS6110 elements.25
Nevertheless, spoligotype changes, whether correlated with
IS6110 RFLP proﬁle changes or not, are well known to be
very exceptional among conﬁrmed epidemiologically-linked
isolates.26 We therefore believe that the subdivisions of the
few MIRU-VNTR-based clusters by spoligotyping are likely
epidemiologically meaningful (i.e., that they are indicative
of the absence of an epidemiological link). Taken together,
these observations indicate that the use of spoligotyping
in association with MIRU-VNTR typing as a ﬁrst-line typing
method can be beneﬁcial. More insights into this question
will be gained by future analysis of epidemiological data
and extension of the study time period.
Conversely, only two IS6110 RFLP clusters were subdivided
by 24-locus MIRU-VNTR typing, consisting of differences
in one to ﬁve loci. A Dutch population-based assessment
carried out by van Deutekom et al.27 that integrated
detailed post-genotyping contact tracing data indicated that
differences seen in two or more independent MIRU-VNTR
loci even in IS6110 RFLP clusters are likely epidemiologically
signiﬁcant (i.e., represent molecular evidence for probable
absence of an epidemiological link). Even single MIRU-VNTR
locus differences can be assumed to be epidemiologically
signiﬁcant in a majority of cases, although the degree of
conﬁdence for inferring absence of a link is not as high as
for double or more locus differences.6,12 Hence, the use of
IS6110 RFLP, as well as that of MIRU-VNTR typing combined
with spoligotyping (described above), may lead to some
overestimation of the true epidemiological clustering, but
this phenomenon may be of similar limited extent for both
methods.
In all, we found that the concordance between 15-locus
or 24-locus MIRU-VNTR typing combined with spoligotyping
and IS6110 RFLP for deﬁning clustered or unique isolates was
high. Our results are thus similar to those of another one-
year population-based study in Hamburg, in which Oelemann
et al.12 concluded that 24-locus MIRU-VNTR combined with
spoligotyping can be used as a stand-alone approach to the
study of TB transmission.
Despite its national scale, our study had some limitations.
Like the one in Germany,12 this study was limited to 1 year.
It has been noticed that the rate of molecular clustering
often increases over longer periods because transmission
chains are more effectively covered.26 However, because our
results are based on an almost complete 1-year population
set, we expect that this phenomenon will occur for both
PCR-based and IS6110 RFLP typing, without affecting the
relative performances of the two methods very much. In
contrast to the Hamburg study,12 our analysis of concordance
between molecular groupings by PCR-based and IS6110 RFLP
methods was performed in an almost complete absence of
epidemiological data. Nevertheless, because IS6110 RFLP
typing has already proven its effectiveness for detecting
and monitoring TB transmission in Slovenia,9 the high level
of concordance seen between this and the PCR-based
methods does suggest that MIRU-VNTR typing combined
with spoligotyping might achieve a similar effectiveness,
with the bonus of technical ease and speed. Moreover,
we noted that the two serial isolates in one patient (see
Methods) were identically clustered by IS6110 RFLP, 24-locus
MIRU-VNTR types and spoligotyping results, as expected in
most such cases. In addition, the isolates of two other
patients known to be members of the same household were
also identically clustered by the three typing methods,
consistent with classic intra-familial transmission. These
two limited observations thus offer a small glimpse of
the plausible epidemiological signiﬁcance of our molecular
results.
In conclusion, our results represent the ﬁrst insight into
nationwide application of 24-locus MIRU-VNTR combined
with spoligotyping in comparison to IS6110 RFLP, not only
in southeast Europe but also worldwide. The results of
this PCR-based typing closely matched those of our IS6110
RFLP gold standard. This study will thus be the basis
for further and faster large-scale molecular genotyping
of Slovenian strains. Detailed analyses of epidemiological
data (not available for this study) will guide the ﬁnal
decision regarding the future gold standard for genotyping
in Slovenia. Depending on the results, MIRU-VNTR typing
combined with spoligotyping might be used in the ﬁrst line
to discriminate strains, with secondary application of IS6110
RFLP on the remaining clustered strains, or it might totally
replace IS6110 RFLP.
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